The filamentous fungus Aspergillus caespitosus was a good producer of intracellular and extracellular invertases under submerged (SbmF) or solid-state fermentation (SSF), using agroindustrial residues, such as wheat bran, as carbon source. The production of extracellular enzyme under SSF at 30°C, for 72h, was enhanced using SR salt solution (1:1, w/v) to humidify the substrate. The extracellular activity under SSF using wheat bran was around 5.5-fold higher than that obtained in SbmF (Khanna medium) with the same carbon source. However, the production of enzyme with wheat bran plus oat meal was 2.2-fold higher than wheat bran isolated. The enzymatic production was affected by supplementation with nitrogen and phosphate sources. The addition of glucose in SbmF and SSF promoted the decreasing of extracellular activity, but the intracellular form obtained in SbmF was enhanced 3-5-fold. The invertase produced in SSF exhibited optimum temperature at 50°C while the extra-and intracellular enzymes produced in SbmF exhibited maximal activities at 60°C. All enzymatic forms exhibited maximal activities at pH 4.0-6.0 and were stable up to 1 hour at 50°C.
INTRODUCTION
The inverted sugar, a 1:1 mixture of dextrorotatory Dglucose and levorotatory D-fructose, is obtained by hydrolysis of sucrose by invertase, also named β-Dfructofuranosidase (EC 3.2.1.26). Invertase is one of the most widely used industrial enzymes that is also able to catalyze the hydrolysis of raffinose and stachyose (4, 5) . In addition, 
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Thermostable invertases by A. caespitosus it may be used to obtain fructooligosaccharides (FOS), used as prebiotic substance (35) . Invertase is classified in the GH32 family of glycoside hydrolases, that includes over 370 members (2) and has been reported in plant (28) , bacteria (34) , yeast (4, 12) and filamentous fungi, as Aspergillus ochraceus (11) , Aspergillus niger (24) , Aspergillus japonicus (7) and Thermomyces lanuginosus (6) .
Invertases may be found in different isoforms according to their pH optimum. However, the specific function of these isoforms is not well-known, but they appear to control the entry of sucrose into different utilization pathways (28) . The acidic form has cell-wall or vacuolar localization and it is evolutionary related to yeast and bacterial invertases (28) , differing of neutral and alkaline isoforms that are found on the cytosol (33) . In yeast, the gene Suc 2 encodes two different invertases, a glycosilated form located in periplasmic space and a non-glycosilated form situated in the cytosol (12) .
The production of invertase by filamentous fungi under submerged (SbmF) or solid-sate (SSF) fermentation has been reported (3, 23) . SSF is characterized by development of microorganism in a low aqueous content on a non-soluble material that can act as physical support and in some times also as nutrient sources (31) . Generally, the enzymatic production in SSF has advantages over SbmF, as higher productivity fermentation, absence of contaminant organisms, concentrated product formation and use of agroindustrial residues as substrates (26) . There are many works that show the fructosidase production in SbmF and SSF (26) . The aim of this work was to study the production and expression of acidic thermostable invertases by Aspergillus caespitosus under submerged fermentation or solid-state fermentation.
MATERIAL AND METHODS

Microorganism and culture conditions
A. caespitosus (21) was isolated from Brazilian soil (10) and identified by André Tosello Foundation (Campinas, SP, Brazil 
Extraction of extracellular and intracellular enzymes
The cultures on SbmF were harvested by vacuum filtration using Watman nº 1 filter paper and the filtrate (extracellular crude extract) was used for enzymatic activity quantification. The mycelia were disrupted in a porcelain mortar with acid-washed sea sand at 4ºC, extracted in distilled water and centrifuged (23000g) for 10 minutes. The supernatant was called intracellular crude extract and was used to determine intracellular invertase activity. 50 ml of distilled water were added in 8 g of SSF cultures and submitted agitation by 30 minutes using a magnetic stirrer, at 4°C. After this time, the suspension was vacuum filtered. The obtained filtrate was centrifuged (23000g) to remove the residues and the supernatant was used to determine the invertase activity.
Enzymatic assay
The β-D-fructofuranosidase activity was determined using 1% sucrose as substrate in sodium acetate buffer, 100 
Protein quantification
The protein quantification was made according to Lowry et al. (15) using BSA as standard.
Statistical Analysis
All results are expressed as the mean of three independent experiments with Standard Deviation (± SD).
RESULTS
Production of invertases on SbmF and SSF
The highest levels of extracellular invertase activity in (table 1) also stimulated the invertase production and secretion, as oat meal (6.2 U/ml), rice straw (4.2 U/ml) and sugar cane bagasse (2.2 U/ml) among others. High levels of intracellular form were obtained with sucrose, glucose and wheat bran as carbon sources added to Khanna medium. The fungus was grown in Khanna medium in orbital agitation (100 rpm), for 72 h, at 40°C. However for all glucose concentrations tested, with exception of 1.0% and 2.0% glucose, the extracellular activity was higher than that of the intracellular one. The presence of glucose under SSF slightly decreased the level of extracellular invertase (figure 2B). 
Optima temperature, thermal stability and optimum pH of activity
The optima temperature of activity for both, extracellular and intracellular invertases produced in SbmF, was 60°C ( figure 3A) . However, the extracellular form produced in SSF, exhibited an optima temperature of 50°C ( figure 3A) .
The enzymes were stable at 50°C, but the extracellular form was more stable than intracellular form (figure 3B). 
DISCUSSION
High levels of invertases were obtained when A.
caespitosus was grown in SbmF (Khanna medium) and SSF using agroindustrial residues as carbon source. However, the production of extracellular invertase in SSF was 2.73-times superior when compared with the SbmF, with wheat bran.
The production of invertases using agroindustrial residues also was reported for A. ochraceus, with higher production in sugar cane bagasse (11) .
The fungal invertase expression in SSF has been studied, as in Aspergillus niger (3, 23) . The ideal process of SSF uses a solid phase that serves both as support and as nutrient sources. This process has been exploited for the production of
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Thermostable invertases by A. caespitosus caespitosus in SSF was better with lower humidity medium (85%) than others analyzed conditions. In addition, the higher production of invertase in SSF than in SbmF can be attributed to differences in the induction and repression of enzyme synthesis or to differences in the quality of the enzymes, among others (3, 23) . The production of invertases also was influenced by nitrogen and phosphate sources. In S. cerevisae GCB-K5 among all nitrogen sources tested, peptone gave maximum invertase production and among all phosphate sources, KH 2 PO 4 was the better (27) . According to Neto et al. (18) , the nitrogen constituent has an important influence on the invertase production because there is a strong correlation between nitrogen equilibrium and productivity of cells.
The optima temperature of activity obtained for both, extracellular and intracellular invertases produced in SbmF, was similar of the value observed for invertase of A.
ochraceus ( In conclusion, Aspergillus caespistosus was a new good producer of invertases using agroindustrial residues and the best condition for production and secretion these enzymes was SSF with wheat bran moistened with SR salt solution
(1:1, w/v), at 30°C, for 72h. The temperature of 30°C also 
